(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(ID EP1 153 649A1 

EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) Intci7: B01 D 53/94, B01J 21/06, 




14.11.2001 Bulletin 2001/46 




B01J23/02, B01J 23/58 


(21) 


Application number: 01304065.4 






(22) 


Date of filing: 04.05.2001 






(84) 


Designated Contracting States: 


(72) 


Inventors: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• 


Noda, Naomi 




MC NL PT SE TR 




Nagoya City, Aichi -prefecture 467-8530 (JP) 




Designated Extension States: 


• 


Suzuki, Junichi 




AL LT LV-MK RO SI 




Nagoya City, Aichi-prefecture 467-8530 (JP) 


(30) 


Priority: 11.05.2000 JP 2000138822 


(74) 


Representative: Paget, Hugh Charles Edward etal 
MEWBURN ELLIS 


(71) 


Applicant: NGK INSULATORS, LTD. 
Nagoya-City, Aichi Prefecture 467-8530 (JP) 




York House 

23 Kingsway 

London WC2B 6HP (GB) 



(54) Catalyst lor purification of exhaust gas 

(57) A catalyst for purification of exhaust gas in- 
cludes a carrier, and a catalyst layer containing an alkali 
metal and/or an alkaline earth metal as an NO x -adsorb- 
ing component, the catalyst layer being loaded on the 
carrier, in which catalyst the carrier-composing material 



contains Si in an amount of 0.5 to 10.0% by weight as 
expressed as an oxide. Since the inclusion of Si can 
suppress the deterioration of the carrier caused by the 
alkali metal and/or the alkaline earth metal during the 
use of the catalyst, the catalyst can be used over a long 
period. 
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Description 

Background of the Invention 

(1) Field of the Invention 

[0001] The present invention relates to a catalyst for 
purification of exhaust gas, containing an alkali metal 
and/or an alkaline earth metal as an NO x -adsorbing 
component, particularly a catalyst for purification of an 
exhaust gas emitted from an internal combustion engine 
of gasoline vehicle, diesel vehicle or the like. 

(2) Description of Related Art 

[0002] In recent years, regulation for exhaust gas has 
become stricter, and lean bum engines, direct injection 
engines, etc. have come into wide use. In this connec- 
tion, NO x -adsorbing catalysts capable of effectively pu- 
rifying the NO x present in an exhaust gas, in a lean at- 
mosphere have been put into practical use. As the NOx- 
adsorbing component used in the NO x -adsorbing cata- 
lyst, there are known alkali metals such as K, Na, Li, Cs 
and the like; alkaline earth metals such as Ba, Ca and 
the like; and rare earth elements such as La, Y and the 
like. Recently, it has been attemptedto use, in particular, 
K which is superior in NO x adsorption at high tempera- 
tures. 

[0003] NO x -adsorbing catalysts are generally consti- 
tuted by loading a catalyst layer containing the above- 
mentioned NO x -adsorbing component, on a carrier 
composed of an oxide type ceramic (e.g. cordierite) or 
a metallic material (e.g. Fe-Cr-AI alloy). Such a carrier, 
however, has a problem ; that is, it is easily corroded and 
deteriorated by alkali metals or part of alkaline earth 
metals, particularly, Li, Na, K and Ca when they become 
active under the high temperatures of exhaust gas. 

Summary of the Invention 

[0004] In view of the above problem of the prior art, 
the present invention aims at providing a catalyst for pu- 
rification of exhaust gas, obtained by loading, on a car- 
rier, a catalyst layer containing an alkali meta! and/or an 
alkaline earth metal as an NO x -adsorbing component, 
which catalyst can suppress the deterioration of the car- 
rier caused by the alkali metal and/or the alkaline earth 
metal and therefore can be used over a long period of 
time. 

[0005] According to the present invention, there is 
provided a catalyst for purification of exhaust gas com- 
prising: a carrier, and a catalyst layer containing an alkali 
metal and/or an alkaline earth metal, the catalyst layer 
being loaded on the carrier, in which catalyst the carrier- 
composing material contains Si in an amount of 0.5 to 
10.0% by weight as expressed as an oxide. 



Description of Preferred Embodiments 

[0006] In the catalyst of the present invention, an al- 
kali metal and/or an alkaline earth metal is used as the 

5 NO x -adsorbing component, and a catalyst layer con- 
taining the component is loaded on a carrier composed 
of a material containing a given amount of Si. It is known 
that Si has high reactivity with alkali metals and alkaline 
earth metals and can easily form a compound oxide 

10 therewith. Hence, in the present invention, a small 
amount of Si (Si is reactive with alkali metals and alka- 
line earth metals as mentioned above) is allowed to be 
present in the material composing the carrier, or a car- 
rier-composing material inherently containing a small 

15 amount of Si is used, whereby the alkali metal and/or 
the alkaline earth metal (which is an NO x -adsorbing 
component and deteriorates the carrier) is allowed to re- 
act preferentially with the Si. As a result, the reaction of 
the alkali metal and/or the alkaline earth metal with the 

20 carrier-composing major component (other than Si) is 
suppressed and the deterioration of the carrier is sup- 
pressed. 

[0007] In general, carrier-composing materials de- 
crease their strengths when they are exposed to high 

25 temperatures together with an alkali metal-containing 
catalyst layer. However, when they contain a small 
amount of Si therein, their initial strength can be in- 
creased and, as. a result, they can possess a strength 
necessary for catalyst carrier even if their strength is 

30 slightly decreased, for example, when they are exposed 
to high temperatures with an alkali-containing catalyst 
layer. Such an effect brought about by the inclusion of 
Si is striking in catalyst-composing ceramic materials, 
particularly in ceramic materials wherein the particles of 

35 the major component contain no Si therein and the 
bonding between the particles is relatively weak, such 
as alumina, aluminum titanate and the like. It is because 
Si bond the particles at the boundaries or assists such 
bonding. 

40 [0008] In the present invention, the content of Si in the 
carrier-composing material is specifically 0.5 to 10.0% 
by weight, preferably 1 .0 to 6.0% by weight, more pref- 
erably 2.0 to 5.0% by weight as expressed as an oxide 
content. When the content is less than 0.5% by weight, 

45 the effect by Si of protecting the catalyst-composing ma- 
jor component from the deterioration by alkali metal or 
alkaline earth metal is insufficient. A Si content of more 
than 10.0% by weight is not preferred because when 
there is used, as an alkali metal, K which is superior in 

50 NO x -adsorption at high temperatures and which has re- 
cently drawn attention as an NO x -adsorbing compo- 
nent, the reaction product between this K and Si increas- 
es the thermal expansion coefficient of the total carrier. 
When the content is less than 1 .0% by weight, if the car- 

55 rier is highly porous, the alkali metal or the alkaline earth 
metal diffuses easily into the inside of the carrier and the 
effect by Si of protecting the carrier-composing major 
component may be less. A content of more than 6.0% 
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by weight is not preferred because when K is used as 
an NO x -adsorbing component, the reaction product be- 
tween this K and Si decreases the softening point of the 
total carrier. 

[0009] For the above-mentioned increase in initial 5 
strength, a Si content of 0.7% by weight or more as ex- 
pressed as an oxide is effective. A Si content of 1 .5% 
by weight or more is more preferred because a sufficient 
effect can be obtained. At a Si content of more than 8% 
by weight, however, the effect of initial strength increase 10 
levels off. 

[0010] Si contained in the carrier-composing material 
can play a role even when present inside the particles 
of the carrier-composing major component or inside the 
particles of the carrier-composing minor component. 15 
However, in order for Si to effectively protect the parti- 
cles of the carrier-composing major component from the 
deterioration, Si is preferably present at the particle 
boundaries or on the particles of the carrier-composing 
major component. As a matter of course, Si may be 20 
present in a mixed form of the above presences. When 
the carrier-composing material is aluminum titanate, the 
material may preferably contain further Mg and/or Fe in 
order to suppress the thermal decomposition at high 
temperatures and increase the strength. 25 
[0011] In the catalyst of the present invention, when 
it is used for purification of exhaust gas from automobile 
(in this case, the catalyst is inevitably exposed to high 
temperatures), the carrier is allowed to have a thermal 
expansion coefficient of preferably 6.0x1 0' 6 / o C or less, 30 
more preferably 2.0x1 0" 6 /°C or less, further preferably 
1.0x10' 6 /°C or less in view of the thermal shock resist- 
ance, etc. When K is used as an NO x -adsorbing com- 
ponent, the carrier is allowed, by the control of Si content 
therein, to have a thermal expansion coefficient of pref- 35 
erably 6.0x1 0- 6 /°C or less, more preferably 4.0x1 0- 6 /°C 
or less even after a K-containing catalyst layer has been 
loaded on the carrier and the resulting material has been 
heat-treated at 850°C for 50 hours. 

[0012] In the present invention, the carrier has a po- 40 
rosity of preferably 5 to 50%, more preferably 1 0 to 40%, 
further preferably 10 to 25%. When the porosity of the 
carrier is less than 5%, the carrier may have a problem 
in coatability of catalyst layer thereon. When the porosity 
is more than 50%, the carrier may have insufficient 
strength. A porosity of 25% or less is preferred because 
it suppresses the diffusion of alkali metal or alkaline 
earth metal into carrier. 

[0013] The present invention is effective when applied 
to various carrier-composing materials. Therefore, there so 
is no particular restriction as to the kind of the carrier- 
composing material used, and ceramic, metallic and 
other materials can be used. The present invention is 
suitably applied to, for example, alumina, zirconia, teta- 
nia, spinel (these are ceramics), zirconia type oxide typ- 55 
ified by zirconyl phosphate, alumina type oxide typified 
by aluminum titanate, and titania type oxide. Of these, 
zirconyl phosphate, aluminum titanate, etc. all having a 
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low thermal expansion coefficient are particularly pre- 
ferred. Incidentally, Si may be inherently present in the 
catalyst-composing material, or may be added to pure 
crystals containing no Si. 

[0014] The carrier has no particular restriction as to \ ^ ^ £ 
the shape. Therefore, the above-mentioned effect of de- 
terioration suppression is obtained when the carrier 
takes any of a cell structure (e.g. a monolithic honey- 
comb or a ceramic foam), pellets, beads, ring, etc. The 
effect is largest when the carrier is a honeycomb carrier 
constituted by a large number of through-holes (cells) 
surrounded by thin partition walls. The sectional shape, 
i.e. cell shape of each through-hole of this honeycomb 
carrier may be any of a circle, a polygon, a corrugation, 
etc. In recent years, NO x -adsorbing catalysts have be- 
come to adopt a hexagonal cell in addition to conven- 
tional triangular and tetragonal cells, for uniform coating 
of catalyst layer. Therefore, application of the present 
invention to these honeycomb carriers is one preferred 
embodiment of the present invention. The shape of the 
honeycomb carrier may also be formed so as to fit the 
interior shape of the exhaust gas system in which the 
present catalyst is disposed. ^ 
[0015] The alkali metal and/or the alkaline earth metal 
contained in the catalyst layer as an NO x -adsorbing 
component has no particular restriction as to the kind. 
There can be mentioned, for example, as alkali metals, 
Li, Na, K and Cs and, as alkaline earth metals, Ca, Ba 
and Sr. When of these, an alkali metal having high re- 
activity with Si, particularly K is used as an NOx-adsorb- 
ing component, the effect of the present invention is 
largest. 

[0016] The catalyst layer may contain, in addition to 
the NO x -adsorbing component such as alkali metal or 
alkaline earth metal, a noble metal such as Pt, Pd, Rh 
or the like. These noble metals allow the NO and 0 2 
present in exhaust gas to react with each other prior to 
the adsorption of NO x by alkali metal or alkaline earth 
metal, and generate N0 2 , or, when the once-adsorbed 
NO x is released, allow the NO x to react with combustible 
components in exhaust gas and make them harmless. 
The material composing the catalyst layer is preferably 
a heat-resistant inorganic oxide having a large specific 
surface area, such as y-AI 2 0 3 sothat an NO x -adsorbing 
component and a noble metal both mentioned above 
can be loaded thereon in a highly dispersed state. 
[0017] The present invention is described in more de- 
tail below by way of Examples, However, the present 
invention is in no way restricted to the Examples. 

[Preparation of slurries for washcoating for formation of 
NO x -adsorbing catalyst layer] 

[0018] A commercial y -Al 2 0 3 powder having a spe- 
cific surface area of 200 m 2 /g was immersed in a solu- 
tion obtained by mixing an aqueous (NH 3 ) 2 Pt(N0 2 ) 2 so- 
lution and an aqueous KNO3 solution. The resulting ma- 
terial was stirred in a pot mill for 2 hours and then sub- 



3 



5 



EP1 153 649 A1 



6 



jected to evaporation to dryness to remove the water. 
The water-removed material was subjected to dry dis- 
integration and then fired in an electric furnace at 600°C 
for 3 hours. To the thus-obtained (Pt+K)-predoped y- 
Al 2 0 3 powder were added an AI 2 O a sol and water. The 5 
resulting mixture was subjected to wet grinding in a pot 
mill to prepare a slurry for wash coating. The quantitative 
relation of y-AI 2 0 3 , Pt and K was adjusted at the stage 
of the above mixing and immersion so that when the 
slurry was washcoated on a honeycomb carrier and the 10 
coated honeycomb carrier was fired, the amount of cat- 
alyst layer loaded was 1 00 g per liter of honeycomb car- 
rier the amount of Pt was 30 g per eft of honeycomb 
carrier (1 .06 g per liter), and the amount of K was 20 g 
per liter of honeycomb carrier. The Al 2 0 3 sol was added 15 
in such an amount that its solid content became 5% by 
weight of the total Al 2 0 3 ; and the water was added in 
such an amount that the slurry obtained had a viscosity 
appropriate for wash coating. 

20 

[Preparation of samples] 

[0019] First, there were prepared 6 kinds of aluminum 
titanate honeycomb carriers containing Si in an amount 
of 0% by weight, 0.2% by weight, 1 .5% by weight, 3.0% 
by weight, 5.5% by weight or 1 2.0% by weight [each 
honeycomb carrier had a partition wall thickness of 6 mil 
(0.15 mm), a cell density of 400 cpsi (62 cells/cm 2 ) and 
a tetragonal cell shape]. A step of washcoating the 
above-prepared slurry on each honeycomb carrier and 
drying the coated honeycomb earner was repeated until 
the amount of the catalyst layer loaded became 1 00 g 
per liter of honeycomb carrier. Then, each resulting hon- 
eycomb carrier was fired in an electric furnace at 600°C 
for 1 hour to obtain NO x -adsorbing catalysts 1 to 6. 

[Durability test] 

[0020] Each of the NO x -adsorbing catalysts 1 to 6 was 
subjected to an accelerated durability test in an electric 40 
furnace at 850°C for 50 hours in the presence of 1 0% 
of water. 

[Evaluation] 

45 

[0021 j Each of the NO x -adsorbing catalysts 1 to 6 was 
measured for initial bending strength, bending strength 
after durability test, initial thermal expansion coefficient 
and thermal expansion coefficient after durability test. 
The results are shown in Table 1 . so 
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[0022] As shown in Table 1 , the NO x -adsorbing cata- 
lysts 3 to 5 according to the present invention gave good 
results in both bending strength and thermal expansion 
coefficient. Similar results were obtained also when the 
cell structure of the aluminum titanate honeycomb car- 
rier was changed to a partition wall thickness of 4 mil 
(0.10 mm) and a cell density of 400 cpsi {62 cel!s/cm 2 ), 
or 3 mil (0.075 mm) and 600 cpsi (93 cells/cm 2 ), or 2 mil 
(0.05 mm) and 900 cpsi (139.5 cells/cm 2 ) or when the 
cell shape was changed to a hexagon. 
[0023] As described above, in the catalyst for purifi- 
cation of exhaust gas according to the present invention, 
Si (which has high reactivity with the alkali metal or al- 
kaline earth metal used in the catalyst layer as an NOx- 
adsorbing component) is present in a given amount in 
the carrier-composing material; therefore, when the cat- 
alyst is exposed to high temperatures, the alkali metal 
or alkaline earth metal in the catalyst layer reacts pref- 
erentially with the Si and the reaction of the metal with 
the carrier-composing major component is suppressed. 
As a result, the deterioration of the carrier by the alkali 
metal or alkaline earth metal is suppressed and the cat- 
alyst can be used over a long period of time. Further, 
the presence of a given amount of Si in the carrier-com- 
posing material allows the carrier to have a higher initial 
strength and, resultantly, the carrier can have a strength 
necessary for catalyst carrier even after the carrier has 
been exposed to high temperatures together with the 
alkali metal-containing catalyst layer and its strength 
has decreased slightly. 



5. A catalyst for purification of exhaust gas according 
to Claim 4, wherein the carrier-composing material 
further contains Mg and/or Fe. 

5 6. A catalyst for purification of exhaust gas according 
to Claim 1 , wherein the catalyst layer contains K. 

7. A catalyst for purification of exhaust gas according 
to Claim 1 , wherein the carrier is a honeycomb car- 

10 rier. 

8. A catalyst for purification of exhaust gas according 
to Claim 1 , wherein the catalyst layer contains at 
least one kind of noble metal selected form Pt, Pd 

15 and Rh. 

9. An exhaust purification system for an internal com- 
bustion engine having a catalyst according to any 
one of claims 1 to 8. 

20 

10. An internal combustion engine having an exhaust 
purification system according to claim 9. 

25 
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Claims 



1 . A catalyst for purification of exhaust gas compris- 35 
ing: 

a carrier, and 

a catalyst layer containing an alkali metal and/ 
or an alkaline earth metal, the catalyst layer be- *o 
ing loaded on the carrier, 

in which catalyst the carrier-composing material 
contains Si in an amount of 0.5 to 1 0.0% by weight 
as expressed as an oxide. 45 

2. A catalyst for purification of exhaust gas according 
to Claim 1 , wherein the carrier-composing material 
contains Si in an amount of 1 .0 to 6.0% by weight 

as expressed as an oxide. so 

3. A catalyst for purification of exhaust gas according 
to Claim 1 , wherein the carrier has a thermal expan- 
sion coefficient of 6.0x1 0- 6 /°C or less. 

55 

4. A catalyst for purification of exhaust gas according 
to Claim 1 , wherein the carrier-composing material 
is aluminum titanate. 
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